Genes encoding hormone receptors are among candidate genes modulating the risk of ovarian cancer. We aimed to assess a frequency of PGRGC331A, FSHRAla307Thr, and FSHRSer680-Asn polymorphic variants, and the length of (CAG)n and (GGN)n repeat tracts in the androgen receptor gene (AR) with respect to ovarian cancer risk and outcome. We genotyped 215 ovarian cancer patients and 352 unaffected control subjects. Statistical analysis was performed with the logistic regression model with adjustment for age. Clinical importance of the polymorphic variants was evaluated in multivariate models on 69 patients treated with taxane-platinum chemotherapy, with respect to TP53 status. Longer AR (GGN)n and (CAG)n repeat tracts decreased the risk of ovarian cancer. For (GGN)n, each additional repeat decreased the risk by 17% (PZ0.011) or 27% (PZ0.002), while the presence of at least 23 repeats decreased the risk by 41% (PZ0.032) or 68% (PZ0.008), for the shorter or longer allele respectively. The risk of disease was also decreased by 11% with each additional (CAG)n repeat (PZ0.006 for the longer allele). FSHRAla307Ala or FSHRSer680Ser polymorphisms increased ovarian cancer risk by 1.8 times (PZ0.042). In all 69 patients, longer AR (CAG)n repeats decreased the risk of recurrence (PZ0.031). In the group with TP53 accumulation, longer AR (CAG)n repeats decreased the risk of recurrence (PZ0.003) and death (PZ0.03), while the FSHRSer680Ser polymorphism increased the risk of recurrence (PZ0.037). Progesterone receptor polymorphisms analyzed did not show any associations. Our results support both the androgen and gonadotropin hypotheses of ovarian cancer development.
Introduction
Ovarian cancer is the most lethal gynecologic malignancy. The highest ovarian cancer rates are reported from Northern Europe and Baltic countries. The highest mortality rate is observed in Lithuania, Denmark, Ireland, and UK (age standardized (world) -ASR(W) w9/100 000). In Poland, ovarian cancer is the fifth most often diagnosed cancer in women (5.4%) and the fourth cause of cancer-related death (ASR(W) is 7/100 000).
The risk of ovarian cancer increases from the age of 35 and decreases after the age of 59. The probability that a woman will be diagnosed with ovarian cancer before the age of 80 years is estimated at 1.5% (Didkowska et al. 2007) . The majority of ovarian cancer cases are sporadic. Familial cancer (about 10%) may develop due to inherited mutations of highly penetrant BRCA1 and BRCA2 genes. Much more common are low-penetrance genes that may account for a larger proportion of ovarian cancers in the general population (Wooster & Weber 2003) . Unfortunately, both high-and low-penetrance genes are difficult to identify.
One of the most well-known hypotheses of ovarian cancers development is the 'incessant ovulation hypothesis'; it says that ovarian cancer develops as a result of repeated disruption of ovarian surface epithelium (Fathalla 1971) . The disruption may promote cellular proliferation and genetic instability. Other hypotheses postulate a direct involvement of endogenous hormones in ovarian cancer etiology. The 'gonadotropin hypothesis' (Cramer & Welch 1983 , Rao & Slotman 1991 states that FSH and LH may be directly involved in the transformation of normal ovarian surface epithelium to a malignant one. The 'androgen hypothesis' (Risch 1998) , the most commonly considered one, postulates that ovarian cancer risk is enhanced by excessive androgen stimulation, while it is decreased by progesterone stimulation.
Genes encoding hormone receptors are among candidate genes modulating the risk of ovarian cancer. Several single nucleotide polymorphisms (SNPs) and microsatellite polymorphic variants were detected in hormone receptor genes; some of them are common and may influence the receptor activity (Modugno 2004) . In particular, two microsatellite polymorphic variants (CAG)n and (GGN)n repeats were found in exon 1 of the androgen receptor gene (AR). It was shown on cell lines that the number of (CAG)n repeats can affect transactivation capabilities of the AR. The shorter allele forms are more active in transducing signals (Chamberlain et al. 1994) . The functional significance of the (GGN)n repeat is still unknown.
With regard to FSH receptor (FSHR) gene, two out of five currently known exonic polymorphic sites are under extensive investigations. Both are SNPs located in exon 10, which is fundamental for signal transduction. G919A results in Ala or Thr at position 307, while G2039A results in Ser or Asn at position 680 in the protein. It was shown in patients undergoing IVF procedure that ovarian response to FSH stimulation was more efficient in individuals with AsnFSHR680Asn than with SerFSHR680Ser genotype (Perez Mayorga et al. 2000) .
The progesterone receptor (PGR) protein is encoded by a single gene; it is present in two isoforms due to two transcriptional start sites. The b-isoform is a transcriptional activator and a mediator of cell proliferation, while the a-isoform is a repressor of transcription. Recently, a new polymorphism in the promoter region of the PGR gene has been identified in the position C331 (GC331A). The C331A allele creates a unique transcription start site that increases PGR b-isoform synthesis. Thus, it can be responsible for increased cell proliferation and may contribute to cancer formation (De Vivo et al. 2002) .
The purpose of the current study was to examine possible associations between genetic polymorphisms of the androgen ((CAG)n and (GGN)n repeats), FSH (FSHRAla307Thr, FSHRSer680Asn) and PGRs (PGRGC331A) and ovarian cancer incidence in univariate setting. We show significant associations between polymorphisms in the androgen and FSH receptors and ovarian cancer risk. For the group of patients treated with taxane-platinum chemotherapy, we demonstrate associations between FSH receptor types and AR (CAG)n repeat length and clinical endpoints.
Materials and methods

Subjects
A total of 567 individuals were genotyped. Two hundred and fifteen incident Polish-Caucasian women (from central Poland) diagnosed with epithelial ovarian cancer were enrolled in this study. The blood from patients was collected in two Warsaw area hospitals between the years 1995 and 2007. The Institute of Oncology is an oncology reference center that treats patients from a large area of central Poland and a fraction of patients from eastern Poland. The Bród-nowski Hospital is Warsaw district hospital that treats patients from central Poland. Both the hospitals treat the majority of ovarian cancer patients from central Poland.
Among the patients, 157 (73%) were diagnosed with a serous carcinoma, 5 (2%) with a mucinous one, 9 (4%) with an endometrioid one, 13 (6%) with a clear cell one, 9 (4%) with an undifferentiated carcinoma, and 22 (10%) with another type of carcinoma. Three hundred and fifty-two anonymous unrelated Polish-Caucasian controls were identified from the same region. The controls were recruited in a blood donation center in Warsaw between November 2005 and November 2006. The control group comprised of consecutive women who agreed to take part in the analysis (response fraction unknown). Both patients and control subjects were enrolled in this study after giving informed consent (patients gave written informed consent). This study was approved by the bioethics committee of the Institute of Oncology. The control subjects had median age of 30 years (range 18-59). The median age of patients was 55 years (range 17-84).
Demographic characteristics of ovarian cancer cases and controls are reported in Table 1 . We checked whether the population of cases analyzed was representative of the whole Polish ovarian cancer population with respect to patient's age. The results indicate that the distribution of cases in appropriate age intervals between the two groups is similar (PZ0.707, Kolmogorov-Smirnoff test, Fig. 1 ). Because controls were younger than cases, we checked what was the lifetime risk of control subjects to develop cancer. If a probability of cancer incidence in our control subjects A H Ludwig et al.: Hormone receptor polymorphisms and ovarian cancer www.endocrinology-journals.org was equal to the probability in the whole population, then before the age of 80 only 0.1 cancer diagnosis would occur in our control group. We do not have any additional information regarding body mass index, pregnancy and breast feeding history, fertility status (infertility treatment), oral contraceptive use, menstrual characteristics, gynecologic diseases, lifestyle characteristics such as alcohol consumption, smoking, physical activity, or other ovarian cancer risk factors either for cases or for controls.
Among cases, 69 patients were uniformly treated in gynecologic oncology units with standard taxaneplatinum regimens, as previously described (Kupryjańczyk et al. 2008) . Taxol, given in a 24 h (135 mg/m 2 ) or 3 h infusion (175 mg/m 2 ), or docetaxel (75 mg/m 2 ) was followed by cisplatin (75 mg/m 2 ) or carboplatin (AUC6). Follow-up time ranged from 9.8 to 99 months (median 35). All surviving patients had at least a 2.5 year follow-up. In this group, we analyzed the influence of genetic and non-genetic factors on disease outcome.
Medical records were reviewed centrally and all tumors were uniformly reviewed histopathologically according to the World Health Organization criteria (Tavassoli & Devilee 2003) . The patients were carefully selected to meet several criteria, among them are an adequate staging procedure, no chemotherapy before staging laparotomy, International Federation of Gynecologists and Obstetricians stage IIB to IV disease, completed first-line chemotherapy, and tumor tissue from the first laparotomy available as previously described (Kupryjańczyk et al. 2008) .
The clinicopathological characteristic of the group is shown in Table 2 . Response to chemotherapy was evaluated retrospectively according to the World Health Organization response evaluation criteria (Miller et al. 1981) . The evaluation was based on data from medical records describing the patient's clinical condition and the CA125 levels in the 3-to 4-week intervals. Complete remission (CR) was defined as the disappearance of all clinical and biochemical symptoms of ovarian cancer evaluated after completion of first-line chemotherapy and confirmed at 4 weeks. Within the CR group, we identified a platinum-sensitive group with disease-free survival (DFS) longer than 6 months. The other tumors (partial remission, progression (P), and no change) as well as the CR group with DFS shorter than 6 months were described as resistant to cisplatin (Christian & Trimble 1994, Table 2 ).
Genotyping
Genomic DNA was extracted from peripheral blood mononuclear cells with Qiagen genomic DNA mini kit according to the manufacturer's protocol. The specific polymorphic region of DNA was amplified by PCR with the application of Perkin Elmer PCR kit on a programmable thermal cycler (Biometra, Goettingen, Germany) with denaturation at 94 8C, annealing at 50-62 8C (depending on the region, Table 3 ) and extension at 72 8C for 36 cycles, each step for 30 s. The PCR was carried out in a volume of 12.5 ml.
For analysis of microsatellite variants in the AR gene, the primers were fluorescently labeled (Table 3) . Amplified samples were diluted in formamide loading buffer and denatured at 95 8C. Fragments were run on denaturing polyacrylamide gels on the Applied Biosystems ABI PRISM 3100 and analyzed by Applied Biosystems Prism Genescan-automated fluorescence Figure 1 In this study, we analyzed 215 patients only and all of them came from central Poland. Therefore, we checked whether the age distribution in our group analyzed was representative of all ovarian cancer patients in Poland. White bars represent all ovarian cancer patients in appropriate age intervals, while black bars represent cases analyzed in this study. The age distribution in these two groups is similar (PZ0.707).
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www.endocrinology-journals.org detection system. To independently validate the fragment length, a subset of samples was also analyzed by nucleotide sequencing. Control samples of known lengths were run on each plate to accurately determine the repeat number of CAG and GGN repeats. For analysis of SNPs in the FSHR and PGR genes, we used the restriction fragment length polymorphism (RFLP) method. The amplified PCR products were digested with restriction enzymes (Fermentas, Vilnius, Lithuania; Table 3 ) at the optimized conditions for 2 h and then separated in 10% polyacrylamide gel (FSHRAla307Thr and FSHRSer680Asn) or 2% agarose gel (PGRGC331A). After electrophoresis, the gels were stained with ethidium bromide and visualized under u.v. For quality purposes, 10% percent of cases for each polymorphic site were randomly selected (blindly with respect to original calls) and subjected to sequencing to confirm the PCR-RFLP results. The sequencing reactions were run on ABI PRISM 3100 Genetic Analyzer with the use of Big Dye Terminator chemistry. More than 95% of genotypes were callable.
For PGR and FSHR polymorphisms, all samples (NZ567, 100%) were successfully genotyped. For the CAG-AR polymorphism, 97.6% of cases and 100% of controls were successfully amplified. For the GGN-AR polymorphism, 192 (89.3%) case samples and 332 (94.3%) control samples were successfully genotyped. Genotyping failures were considered as missing data.
Statistical analysis
The AR transcriptional activity decreases linearly across the entire CAG spectrum and this may also be the case for GGN spectrum. We analyzed AR gene repeat polymorphisms as a continuous variable in logistic regression models that were fitted separately for CAG-1 (shorter allele), CAG-2 (longer allele), GGN-1 (shorter allele), GGN-2 (longer allele), and the average of both alleles (Average-CAG or Average-GGN). This approach assumes that each one-unit increment in CAG or GGN repeat length is related to a constant proportional change in relative risk. We also analyzed repeat polymorphisms as a categorical variable. The median value of the CAG and GGN repeat variables for the entire cohort was used as a cutoff point. We analyzed whether the risk of development of ovarian cancer decreased in groups with longer alleles. In all models, correction for age was considered. The age variable was categorized using median cut-off point. A similar analysis was performed for (categorical) variables describing polymorphisms in the FSHR and PGR genes.
Hardy Weinberg equilibrium was checked among cases, controls, and in the whole studied group. All polymorphisms were in Hardy Weinberg equilibrium (PO0.05).
For the subgroup of taxane-platinum-treated patients, overall survival (OS) and DFS time analyses were performed using the multivariate Cox proportional hazards model. The response to chemotherapy was evaluated with the multivariate logistic regression model. The backward selection technique was used to select significant predictors. Variables not significant at 0.1 were stepwise removed from the model.
Initial multivariate models included the following variables: age of patients (categorized on median: 54 years), FIGO stage (IIIC-IV versus IIB-IIIB), residual tumor size (RT: O2, %2 and O0.5, and %0.5 cm vs 0), histological tumor type (serous versus other), and grade (3 vs 2 and 4 vs 2), categorized CAG and GGN repeat variables, categorical polymorphisms in the FSHR and PGR genes. Survival probability estimates for OS and DFS were calculated using the Kaplan-Meier method. Significant variables obtained from the multivariate Cox's models were compared using log-rank test. The proportional hazards assumption was checked using Schoenfeld's residuals. Median follow-up was estimated using reversed Kaplan-Meier method. Associations between genetic and non-genetic categorical variables for this subgroup of patients were assessed using two-sided Fisher's exact test. Statistical significance was determined according to the conventional P of !0.05.
Results
Risk of disease analysis
Analysis of repeat polymorphisms in the AR gene The distribution of AR (CAG)n and (GGN)n repeat numbers for the shorter and longer alleles among ovarian cancer cases and controls is shown in Fig. 2. (CAG)n repeats. Allele lengths for (CAG)n repeats ranged from 7 to 38. In the analysis of (CAG)n repeats as a continuous variable, each additional repeat on the longer allele (CAG-2), as well as in the average of both alleles (Average-CAG), was associated with risk reduction by 11% (Table 4) . No such association was observed for the shorter allele (CAG-1). The same analysis performed in the group of serous carcinomas gave results slightly beyond the border of significance for CAG-2 only (PZ0.063).
Binary categories of (CAG)n repeat were created with the cut-off point equal to 20 repeats for the shorter allele, 23 for the longer one, and 22 for the average of the two alleles; however, the associations with ovarian cancer risk were not significant (Table 4) .
(GGN)n repeats. Allele lengths for (GGN)n repeats ranged from 11 to 24. In the analysis of (GGN)n repeats as a continuous variable, each additional repeat decreased the risk of ovarian cancer by about 16% for the shorter allele (GGN-1), 26% for the longer allele (GGN-2), and 25% for the average of both alleles (Average-GGN; Table 4 ). The respective values for serous ovarian carcinomas were 15% (PZ0.035, 95% CI (0.73; 0.99)), 31% (PZ0.009, Table 3 Primer sequences, annealing temperatures, sizes of the amplified products, names of restriction enzymes, and the band sizes after digestion with restriction enzymes for the analyzed polymorphic sites (2009) 16 1005-1016 www.endocrinology-journals.org 95% CI (0.53; 0.91)), and 26% (PZ0.01, 95% CI (0.60; 0.93)) for GGN-1, GGN-2, and for the Average-GGN.
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(GGN)n repeats were categorized on median (23 repeats) for both alleles and for average of them. The presence of at least 23 repeats decreased the risk of ovarian cancer by 41-68% depending on the analysis. The strongest association with risk reduction and the highest risk reduction was observed for the longer allele (GGN-2; Table 4 ). The respective values for serous ovarian carcinomas were 40% (PZ0.051, 95% CI (0.36; 1.00)), 70% (PZ0.015, 95% CI (0.11; 0.79)), and 43% (PZ0.033, 95% CI (0.34; 0.96)) for GGN-1, GGN-2, and the Average-GGN.
Analysis of polymorphisms in the FSHR and PGR genes
The sizes of amplified products and the band sizes after digestion with appropriate restriction enzymes are shown in Table 3 . Table 5 shows the frequency of the polymorphic variants in the FSHR and PGR gene-studied regions. The RFLP patterns of FSHRAla307Thr, FSHRSer680Thr, and PGRGC331A are shown in Fig. 3 . Table 4 Results from univariate logistic models for (CAG)n and (GGN)n repeats treated as continuous or categorical variables, and for single nucleotide polymorphisms (SNPs) in the FSHR and PGR genes with adjustment for age (categorized on median: 41 years) Only results with P!0.1 are listed. OR, odds ratio; CI, confidence interval for OR. Figure 2 The repeat number of both CAG and GGN polymorphisms was analyzed on both alleles. The figure shows the distribution of AR CAG and GGN repeat number for the shorter and longer alleles among ovarian cancer cases (white) and controls (black).
Women who carried two copies of Ala at position 307 (18.69%) or two copies of Ser at position 680 (18.87%) of the FSHR had respectively 1.84 or 1.82 times higher risk of ovarian cancer comparing with other genotypes of the FSHR gene at these positions (Table 4 ). The same analysis in the group of serous carcinomas showed an increased risk of disease for the Ser/Ser genotype only (PZ0.042, OR 1.9, 95% CI (1.02; 3.59)). Carrying at least one Ala or Ser allele was not associated with a higher risk of the disease.
We did not find any associations between the genotype variants at PGRGC331A locus and the risk of ovarian cancer (Table 4) .
Analysis of genetic and non-genetic parameters and their influence on clinical outcome for the subgroup of taxane-platinum-treated patients
Results from previous studies suggest that TP53 status may influence clinical value of other molecular factors (Kupryjańczyk et al. 2003 , 2004 , Ziolkowska et al. 2009 ). Therefore, evaluation of clinical importance of the studied polymorphisms was performed in all patients treated with taxane-platinum, and in subgroups determined by TP53 immunohistochemical status (TP53(K) and TP53(C)), in which TP53(C) means TP53 dysfunction manifested by TP53 protein accumulation; the latter had been determined previously (Kupryjańczyk et al. 2008) .
CR and platinum sensitivity
Among genetic parameters, the FSHRAla307Ala polymorphism showed a tendency to diminish odds of CR (PZ0.059, OR 1.0 for other genotypes at FSHR307, OR 0.24 for Ala/Ala, 95% CI (0.06; 1.06)). Among clinicopathological variables, only RT showed an association with CR (PZ0.023, OR 1.0 for RT 0, OR 0.07 for RTO0, 95% CI (0.01; 0.70)) and platinum sensitivity (PS; PZ0.017, OR 1.0 for RT 0, OR 0.12 for RTO0, 95% CI (0.02; 0.68)). The analysis in TP53(K) and TP53(C) subgroups did not reveal other significant factors.
DFS and OS
The most significant influence on DFS and OS was exerted by RT (Table 6 ). Among genetic parameters, longer (R23) AR (CAG)n repeats on the longer allele decreased the risk of recurrence by 55% (PZ0.031), while FSHRSer680Ser genotype showed a tendency for the opposite effect (when compared with other genotypes at the FSHR 680 position, PZ0.062; Table 6 ). These associations were much stronger in the TP53(C) group (PZ0.003, PZ0.037 for the AR and FSHR polymorphisms respectively; Table 6); they were not observed in the TP53(K) group.
The same polymorphisms showed a similar effect on risk of death, i.e. the FSHRSer680Ser genotype showed a tendency (PZ0.06) to increase the risk of death nearly twice in the whole group, while longer (R23) AR (CAG)n repeats on the longer allele decreased the risk of death by 61% (PZ0.03); the latter association was observed in the TP53(C) group only (Table 6 ).
Discussion
Our study is the first one that shows an association between (GGN)n repeat length polymorphism of the AR gene and ovarian cancer risk; the increase in (GGN)n repeat was associated with lower risk of ovarian cancer. One previous study concerning this subject brought negative results (Schildkraut et al. 2007) . Similarly, although not statistically significant, association was found for prostate cancer (Hsing et al. 2000) . The functional significance of (GGN)n repeat length polymorphism is unknown. Complete deletion of the (GGN)n repeat tract resulted in 30% reduction of transcriptional activity of the AR (Gao et al. 1996) . Lundin et al. (2007) states that AR allele with 23 (GGN)n repeats has the strongest transactivational activity and each change in (GGN)n tract length causes slight impairment of receptor function. Other authors (Ding et al. 2005) state that (GGN)n repeat length affects protein level, not transactivational activity of the receptor and that shorter allele forms produce higher AR protein levels. The (CAG)n repeat is the most extensively studied AR gene polymorphism. The experiments on cell lines showed that AR transcriptional activity was reduced by each additional CAG repeat (Buchanan et al. 2004) . It was demonstrated that P160-type co-activators influencing receptor activity of the AR bound more strongly to shorter repeats (Irvine et al. 2000) . Moreover, La Spada et al. (1991) reported that expansion of (CAG)n repeat to over 40 led to mild androgen insensitivity (Belsham et al. 1992) . As androgens may act as mitogens (for example in prostate and ovaries) or as anti-mitogens (in breast), they would exert different effects in different tissues. Consequently, carriers of longer CAG repeats would have a higher risk of developing breast cancer, while having a lower risk of developing prostate or ovarian cancer. Nonetheless, the published results are inconsistent (Ferro et al. 2002) . Among African Americans, shorter allele forms increased ovarian cancer risk (Schildkraut et al. 2007) ; however, no such association was found among Caucasians. Spurdle et al. (2000) could not show the association between CAG repeat length and risk of the disease; nevertheless, their work suggests that longer alleles may be protective against ovarian cancer. Our results support this hypothesis. Nonetheless, there are also results in conflict with the androgen hypothesis showing that longer alleles increase the risk of ovarian cancer (Santarosa et al. 2002 , Terry et al. 2005a .
In regard to clinical outcome, Li et al. (2003 Li et al. ( , 2007 reported that ovarian cancer patients with higher number of CAG repeats had a longer time to recurrence or P and longer OS. Such association was also found for prostate cancer patients (Nam et al. 2000) . Our results are in agreement showing a decreased risk of recurrence and death by longer CAG alleles. Because tumor recurrence is due to cancer cell repopulation, these data may suggest that longer CAG alleles are less efficient in stimulation of tumor cell proliferation than shorter alleles. Indeed, recently Li et al. (2008) have shown that ARs modulate EGFR signaling and that shorter CAG repeat alleles promote aggressive phenotype by increasing the abundance of phosphorylated EGFR and MAPK. Stronger associations in the group with TP53 protein accumulation, observed in our study, are in line with our previous results and a hypothesis that proteins stimulating tumor cell proliferation have a greater chance to exert clinical effects in patients with TP53 dysfunctional cancers (Kupryjańczyk et al. 2003 , 2004 , Kupryjańczyk 2006 , Ziolkowska et al. 2009 ).
Mutations in the FSHR gene are very rare. Nonetheless, their localization corresponds well with the degree of receptor inactivation. Mutations in the extracellular region of the FSHR protein have been The role of FSHR polymorphic variants in ovarian cancer development is not well established. In transfection experiments, no significant differences in binding affinities, FSH-stimulated cAMP, or IP3 production (Simoni et al. 1999 , Sudo et al. 2002 between the two receptor variants (Ala307Thr in the extracellular domain and Ser680Asn in the intracellular domain of the protein) have been found; however, the functional differences in vivo have been identified (Perez Mayorga et al. 2000) . Our results suggest an association between Ala/Ala307FSHR and Ser/Ser680FSHR polymorphisms and ovarian cancer risk. To date, two publications concerning this issue have been published (Yang et al. 2006 , Heubner et al. 2009 From the viewpoint of clinical significance, our results also suggest that FSHRAla/Ala genotype at position 307 may diminish chances of CR in patients treated with taxane-platinum agents, while two serines at position 680 of the FSHR protein may increase the risk of recurrence and death. To our knowledge, this is the first time such associations are reported (no association between clinical parameters and course of disease has been found by Heubner et al. (2009) ).
The anti-neoplastic effect of progesterone depends on the PGR expression, ligand metabolism, and on tight regulation of the balance between the a-and b-PGR isoforms. The A allele at position C331 of the PGR gene leads to the formation of PGR-b isoform that alone can promote cell growth; thus, this polymorphism is thought to increase ovarian cancer risk. To date, one publication (Risch et al. 2006) has shown a significant connection between A allele and the disease in postmenopausal women only. In similarity to our study, Romano et al. (2006) association between the studied factors. According to Berchuck et al. (2004) , A allele decreased the risk of endometrioid and clear cell ovarian cancers only. The results of this study are presented and discussed with a limitation that the group of patients analyzed comes from two Warsaw area hospitals and may not be representative of the whole Polish population. Nevertheless, these hospitals treat the vast majority of ovarian cancer patients from central Poland. The lack of histological heterogeneity did not allow us to make analyses in different histological subgroups. However, this homogeneity may be an advantage. We were able to show that these polymorphisms (except for Ala307Thr in FSHR gene) influenced the risk of serous ovarian cancer. Another bias may be introduced by the fact that cases and controls were not matched. The only parameter known was the age and it was different in the two groups analyzed. We tried to minimize this bias by using the logistic regression models with correction for age. Also, the estimated number of controls who might develop ovarian cancer was only 0.1. Unfortunately, we did not have any epidemiological characteristics but patient's age.
The strength of our study is that we used two different approaches (analyses with continuous and categorized polymorphism variables) in the statistical analysis. This provided a more objective evaluation of the association between repeat polymorphisms and ovarian cancer risk.
In conclusion, our study suggests that the (CAG)n and (GGN)n repeat length polymorphisms of the AR gene and Ala307Thr and Ser680Asn SNPs in the FSHR protein influence ovarian cancer risk in the Polish population. Longer alleles of (CAG)n or (GGN)n of the AR gene seem to have a protective effect. The presence of two alleles for Ala or Ser in the mentioned positions of FSHR seems to increase ovarian cancer risk. Longer alleles of (CAG)n may decrease the risk of recurrence and death in taxane-platinum-treated ovarian cancer patients, while FSHRSer680Ser genotype appears to exert the opposite effect. The role of PGR polymorphism is still elusive.
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